Concentrations of plasma renin (PRC) and plasma renin substrate (PRS) were measured during the first week of life in 52 infants born at less than 37 weeks' gestation (mean (SEM) gestation 30 (0.4) weeks, mean (SEM) birth weight 1-35 (0.08) kg). Both PRC (median 35, interquartiles 16-3, 94-5 ng/ml/hour) and PRS (median 2*3, interquartiles 1-3, 5-0 [tg/ml) were raised compared with adults. The proportional rise in PRC was much greater than that in PRS, suggesting that PRS may be rate limiting in the generation of angiotensin I.
The renin-angiotensin system in adult man is concerned with the maintenance of intravascular fluid volume, blood pressure, and sodium and potassium homoeostasis. However, studies in a number of different species have suggested that the renin-angiotensin system may have a more important role early in phylogeny and ontogeny,' 2 periods during which the more sophisticated autonomic nervous system is less well developed.
A number of investigators have studied the renin-angiotensin system in the newborn human infant since it was first observed that umbilical venous renin concentration exceeded maternal venous renin concentration. 3 However, these studies have reported plasma renin activity (PRA), rather than plasma renin concentration (PRC) and plasma renin substrate (PRS) independently. 7 PRA is a measure of the rate of generation of angiotensin I by a plasma sample under specified conditions; PRA may thus be low because of either relatively low enzyme or relatively low substrate concentrations. The reaction between the enzyme renin and its substrate appears to follow first order kinetics in adult man, with the enzyme being rate limiting.' However, in human pregnancy, even though PRS is raised, it is the substrate which is rate limiting in the mother. 9 Very little is known in the human neonate about the relative contributions of PRC and PRS to the raised PRA observed in newborn infants5 7 and whether PRC or PRS is rate limiting. PRC and PRS are under different control mechanisms.' 0 11 The purpose of this study was to measure simultaneously PRC and PRS in premature newborn infants during early postnatal life and to examine the relationship of PRC and PRS to blood pressure and concentrations of urea, electrolytes, and arterial blood gases. These variables are known to relate to the reninangiotensin system from previous studies of PRA in animals,'2 13 adult man,'4 lS and the human fetus2 3 9 andnewborn.47 10 11 16 Subjects and methods
SUBJECTS AND SAMPLES
The protocol was approved by the Nottingham hospitals' committee of ethics.
All babies born at less than 37 weeks' gestation were deemed to be eligible for the study if arterial cannulation was required during the first week of life. This selection criterion was necessary because it was not considered ethical to obtain samples by direct venepuncture. Gestation was derived from the date of last menstrual period if known. Otherwise, gestation was assessed by ultrasound morphometry in early pregnancy or, failing this, postnatal Dubowitz scoring. 17 Blood samples (maximum 2-5 ml) were collected from an infant at 9 am on the first morning on which an arterial catheter was in place. If the infant was male, a six hour urine collection was made by attaching a polythene bag over the genitalia, starting the collection from the time at which blood was taken.
If 19 Analyses were performed using the SPSSX statistical package. Where appropriate, data were transformed logarithmically before analysis to achieve a more normal distribution. This is a standard statistical tool which is frequently necessary with skewed biological data. If this failed to normalise the data, non-parametric analyses were used. Arithmetic or geometric means were calculated. Arithmetic means (SEM) are quoted. Medians and interquartiles are quoted for non-normally distributed data. Comparisons were made using paired or unpaired t tests as appropriate and correlation coefficients calculated by method of Pearson. The straight line equations shown in figs 1-3 were generated by linear regression analysis.
Results
Blood samples were obtained from 52 infants, 28 boys and 24 girls, mean (SEM) gestation 30-0 (0-4) weeks, mean (SEM) birth weight 1-35 (0 08) kg. Ten infants had birth weights below the third centile for gestation age,20 of whom only one was born at less than 28 weeks' gestation. The mean (SEM) postnatal age was 2-4 (0-2) days. A second blood sample was obtained 48 hours later from 31 babies; these paired data are considered separately below. Urine collections were made from 25 boys but data were incomplete for four of these. A further urine sample was obtained 48 hours later from 12 of these infants (see methods). As would be expected, both systolic and diastolic blood pressures rose significantly (p<0-0001, p<002) with increasing gestational age at delivery. The serum osmolality fell appreciably with increasing gestational age (p<0 0001).
ENZYME
The median PRC at the time of first sampling was 35-0 (16-3, 94-5) ng/ml/hour, significantly higher than in a group of 26 healthy young adults (2-4 (1-7, 3-3) ng/ml/hour; p<<0-0001).
(We have no data on PRC and PRS concentrations, using the current assays, in normal term infants.) Loglo PRC fell significantly with increasing gestation age (p<0-02; fig 1) . However, there was no independent association between loglo PRC and body weight (p=0682).
There was also a significant positive correlation between log1o PRC and log1o fractional sodium excretion (loglo FeNa; fig 2, p<0 05 ). There were no apparent associations between loglo PRC and either systolic or diastolic blood pressure, pH, blood gas tensions, or glomerular filtration rate. Base excess (mmol/1) Figure 3 Association between log,0 PRS and base excess showing a signiftcant correlation between these two variables, (r=0-32; p<0-02). Log,0 PRS (,Ag/ml) =059+004 base excess (mmolll).
SUBSTRATE
The median PRS at the time of first sampling was 2-3 (1-3, 5-0) ,tg/ml, significantly higher than that in healthy young adults (I -(0-8, 1-2)
[tg/ml; p<0-001 It appears from our data that although PRS is somewhat higher in premature infants than at term27 or in later life, PRS is nevertheless probably rate limiting in the generation of angiotensin I in vivo at this gestation, given the proportionately much higher concentrations of PRC. The large volumes of blood which would be needed for formal kinetic studies in the infant make such studies impossible at present. Investigation of the postnatal development of the renin-angiotensin system in the rat also suggested that plasma renin substrate concentration may be rate limiting in the newborn rat but not in the adult. 23 This concept of end organ insensitivity driving the renin-angiotensin system in the more premature infants is supported by the data in fig 2. When the fraction of filtered sodium appearing in the urine was high, PRC was also high. Pre we studied had also suffered moderate to severe intraventricular haemorrhage during the first week. Six of these had PRS above the group median and four had grossly raised PRC (>120 ng/ml/hour).
